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Letter to the Editor, The Physical Review

Nuclear Shell Modal ft-Values for Intezmediate Coupling

R. Schuiten and R, A, Fezrall¥,
Max-Planck-Iaztitut fuce Physik, CGoeltingen, Garusany and the

§

University of Maryland, College Parik, Maryland

Using the wave functicus already calculated by or2 ef us foy
3 T ; ) £ £ K] !‘ s x -
various light nuclol of aass sumber foom & to 15 we kave

evaiusated the beta-decay matris slemonto, and thzs the f-valuss,

for several of the Dota-tzansitions amsng the Mght musizi, These
thooretical resgulte agree saotisfactorily with experimend, and inci-

cate that intermediate coupling io o be preferead ac o nuclear nodel
3)
over strict LS or j-j coupling.

The preacent work depeads ¢pen te devivation of the nuclcay wave
iunctioms, which used the shell model with intermadiate coupling,
Specific a¢ ~amptions ware:

1) Two pzotons and two mevtiuns fi1E the o shicll, forzuing an

in2zt core. The remaining nuclceone lic in the 1 p ehodl, whoge

one~-particle epace wave functiong,

x/sg exp - i/2 (r/ro)a X Y;l' 0, -1 {where vg = L 7z 1912 -
and Yll' Da=h are the spherical hazmeoeniez), are covpled to the

Pauli apin functions by a spin-ozbit force whose strength is such ae

to producc a j = 2/2 =1f

°

™

splitting of 2.9 Mcv for a Ip nuclean
moving in the ficld set up by the four 1 3 core nucieons.
2) Tha interaction between nucleon pzizs is a {sur-forces mixture

weighted 0. 358 Wignsz, 0.35 Majorans, 9.15 Bartlett, and 0.15



B

Heisenbest forez, with o well depth of 39 Mov 2 o coursmaon
5 <12 & . -
radicl depondence of orp - {v/h. 9 2 307%em)®. Tho opin-oobip

& <

forco of 1) alao 2cts betwnen all nucleon pairs. Tha tgnscr forcd

iz neglecte
3} The wave functions centain no admixtures feon highor shelis --

s

the energy is diagomaliced wholely within the lp, {that is,

p3/2 andpli,- ;. 2holl,

The above zssumiptions lod o wave functions yioldiug magnatic
monents in agreement with exporiment ¢o the accuracy with which
3) cap be expected to hold, {~5 per cont). Using the sazmic wave frustizao
to calculate the matrix glemonts in log f&t = € - log { ‘\; ? + Egcr{ 2),
(where we take the Fermi and Camow-Teller counling conntania coasd,
and fit the comnstant C to ths ncultren fi-valus), we fiad valuss which are
presented in the table below 2nd compared with those calculsted ca
the basie of strict j-j coupling.

We arc grateful to Prof, W, Heirenbort for suggeatio
stimulating this work, Cnc of ue (RAF) is ondebied ¢o (he Muu-Ploack-
Institut for the hosgitality exteaded to him, and tc tho (. 8. Atozaic

Epergy Coramiz sion for fellowship cuppoze.
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g-Transition Exporimental 4 j § ccupling intermed. counling
a)np ¢e~+ 315 3.13 2.13
Ho%aLibsews v 2.94 : 0,04 S 2.93
BeTiiTs 3.37 2 0.6i 3, 43 3, 81
Belig ™ s v 5033 4. 86 367
axc10 pi0%, 4, o 3.77%0.20 3. 43 3. 43
N13-5Cl340%4 v 3,67 5, 59 3.6%
p)C e niMets o 8.95 3.99 5,70
RYS LR LN 3.52%0.10 3. 43 3. 43
3.59 2 0.03 2.61 3. 61

a)015->r«115+e ¥

2Pregent addrecs: Physics Dopoertmern’ Undvereity of Mavvized, CGallegoe
Park, Maryland. Publication assisied by the Cffice of Naval Receavch

1) R, Schuiten, Doctoral Diesortation, University of Coettingen, ito bo
published). 25 £ Wafurforschuny /2 151 (1353).

2) To roughly the experimental error, cicept foz Cl“ for which see
footnote b) below,

3) For worlk already carricd out on intermediate coupling sce DL R, I
Rev. Mod, Phys. 25, 399 {1953F ™, Rcldes, Phyo. Kew. ¢3 , 216 (1953):
A. M. Lane, Phya. Rewv, 92,. 239 (1933); 4. . Tonrbor and Ta - Jou W,
Phys. Rev. 91 , &43(A) (1953} and Bulletin Am, Phya, Soc. 29,1, IN8 {1954}

W. T. Shazp, H. Gsliman, end G, E, Tauber, Bullctin 2Am. Phys. Soc. 23,1



4)

4) We are endebted for information on the experimental data to

R, W, King, National Research Council.

a) These entries du not represent new work. The Fermi transitions
are independent of nuclear structure while the gt? beta-decay is
completely described by j-j ccupling.

b} L-forbiddenness gives rise {o a factor of ten in this matrix
element, and a further partial cancellation of contributions occurs

as conjectured by Sachy, {R. Sachs, Nuclear Theory, p. 347,
Addison-Weszley Pub. Co., 1953) That this is at varizace with Inglis!
finding, (loc. cit., p. 442}, may be due to the fact that cur spin-

beng wn((‘uf‘(y
> / ! /

V(v 5 - 28 M |35, (Rox 1) + §o- (R kp‘._)] Le “gnro en)”

’

orbit force acts between all nuclecn pairs
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"Dressed" Particles in Cuantum Field Theory.st

James L. Anderson, University of Maryland. - In time dependent per-
turbation theory there exists a certain ambiguity in the breaking up
of the Hamiltonian into two parts, one of which is to be considered

as the perturbation. If one breaks the Hamiltonian into the two paris
2. and H; and calls Hy the perturbing part, then it would appear equal
Justifieé to break it into iwo other parts H} anc Ej, where 11"H 15),
(8t =R =K), and to call H} the perturbation. Since now the thﬁnaoutbe

of H! are employed in the specification of initial and final cc—litions

in the theory, cne might determine H' (or X) by requiring that it describe
properly the "dressed® particlss of £he theory. This means that HY must be
&C chosen thal

SE, TLE Mty I D=LKS. T vin)g )P, 7,

uhere'ﬂ%is the vacuum state of the interacting s Sua;,é&,uhe lowest

energy state of Hi,¥ (x) and;&(y) are Heisenberg cperaturs, an uzém/ & .‘1{,/...)
are operators in an interaction representation cefined cy ho‘ The exic-

tence of an H§ satisfying this condition and its relation t¢ the renorual-
ization program will be discussed.

,.J
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#Supported by the U.S. Office of llaval Ersezrch,

The Boltzmann Equation from the Statistical echanical Point of View.x
Belville S. Green, University of Maryland. - iecently Kirlsnod and Ureen
have civen derivations of the Boltzmann cquatiou frem the so-called
hierarchy of equations governing the distribution functicns of n-uples
of molecules. The present work will exhibit a derivation which is the
first step of an expansion in powers of the nrncentr*tion. If ne call

the distribution of the phases of an n-unle ncrmalized so that the
spacial distribution approaches 1, when all the molecules arc far apard,
it can be shown that for a spac:ially uniform situation the hierarchy can
be written

‘% Wr=~@ f Ve ;,[);Iﬂ“‘/ n-+1%pPn ¥4 o p+l

txl

where the righi-nand side is tha totel iime dorivaiive =Yoo o trajectaory
of an isolated system of n molecules, ¢ the concentration, Fingl the force
between the ith and the n¢lth molecule, end pi,x; the mconiun ond nosi-

tion of the ith mclecule. These eoaation are solved by considering the
left-hand side to te a small perturbation, The firet step in the oro-
cedure leads to the Boltzmann equation for ¢7“s rell a2s to expressicns
for ¢ which are functionals of¢, .

#This aork sunported by U.S. Office of Naval Research.
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